We demonstrate how the anisotropy of the vacuum of the electromagnetic field can lead to quantum interferences among the decay channels of close lying states. Our key result is that interferences are given by the scalar formed from the antinormally ordered electric field correlation tensor for the anisotropic vacuum and the dipole matrix elements for the two transitions. We present results for emission between two conducting plates as well as for a two photon process involving fluorescence produced under coherent cw excitation. PACS numbers: 42.50.Ct, 32.50. + d, 42.50.Gy Recently, considerable effort has been devoted to the question of coherence and interference effects arising from the decay of close lying energy levels [1][2][3][4][5][6][7][8][9][10]. Such interference effects lead to many remarkable phenomena such as population trapping [6], spectral narrowing [1][2][3], gain without inversion [1,7,9], phase dependent line shapes [2,10,11], and quantum beats [5,12]. However, the very existence of the interference effect depends on the validity of a very stringent condition, viz., the dipole matrix moments for two close lying states decaying to a common final state should be nonorthogonal [6]. This last condition is really the bottleneck in the observation of the predicted new effects. Some progress, however, was made with the use of static and electromagnetic fields to mix the levels [12] so that the relevant dipole moments become nonorthogonal. In this Letter, we propose a totally different mechanism to overcome the problem of the orthogonality of the dipole moments. We suggest working in such situations where the vacuum of the electromagnetic field is anisotropic, so that the interference among decay channels can occur even if the corresponding dipole moments are orthogonal. This provides a possible solution to the long-standing problem in the subject of interference among decay channels. Our key result is that interferences are given by the scalar formed from the antinormally ordered electric field correlation tensor for the anisotropic vacuum and the dipole matrix elements for the two transitions. This is in contrast to the usual result that interferences are given in terms of the scalar formed out of the dipole matrix elements. This opens up the possibility of studying quantum interferences in a variety of new classes of systems. At the outset, we mention that one can consider many situations where vacuum will be anisotropic, for example, (a) doped active centers in anisotropic glasses [13], (b) emission of active atoms in a waveguide [14], (c) spontaneous emission from atoms adsorbed on metallic or dielectric surfaces [15], (d) emission in a spatially dispersive medium-which allows the possibility of longitudinal electromagnetic fields, and (e) emission between two conducting plates [15,16], which is a problem of great interest since the early work of Casimir. Our results suggest the study of quantum interferences in a totally new class of situations involving atoms and molecules adsorbed on surfaces. Explicit results in some of these situations will be given later.
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Interferences in fluorescence under coherent excitation: Two photon processes.-Before we present detailed dynamical equations, we consider a simple situation which enables us to bring out the essential physics of the interferences associated with anisotropic vacuum fields. We basically examine the nature of interferences in spontaneous emission. However, here the way the system is excited is important. A practical way would be to excite by a coherent cw radiation. In technical terms this is a two photon or a second order process. This is in contrast to those studies which ignore how the system was excited. Note that in the experiment of Xia et al. [4] the fluorescence produced by two photon excitation was studied. Let us consider the process (Fig. 1 ) in which the atom in the state jg͘ absorbs a photon of frequency v l and wavevector k l , and emits a photon to end up in the state j f͘ which is distinct from the ground state jg͘. In the process of absorption and emission, the atom goes through a number of virtual intermediate states. For the purpose of the argument, we retain only two intermediate states j j͘ ͑ j 1, 2͒. The transition probability for this process can be calculated using the second order perturbation theory (cf. Ref. [17] ). The initial state of the field is vacuum jy͘. For simplicity we 
